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Introduction. Multidisciplinary rehabilitation interventions are considered to be a need for children with acquired brain injury
(ABI), in order to remediate the important sequelae and promote adjustment. Technology-based treatments represent a
promising field inside the rehabilitation area, as they allow delivering interventions in ecological settings and creating amusing
exercises that may favor engagement. In this work, we present an overview of remote technology-based training programs (TP)
addressing cognitive and behavioral issues delivered to children with ABI and complement it with the results of a meta-analytic
exploration. Evidence Acquisition. We performed the review process between January and February 2019. 32 studies were
included in the review, of which 14 were further selected to be included in the meta-analysis on TP efficacy. Evidence Synthesis.
Based on the review process, the majority of TP addressing cognitive issues and all TP focusing on behavioral issues were found
to be effective. Two meta-analytic models examining the means of either cognitive TP outcomes or behavioral TP outcomes as
input outcome yielded a nonsignificant effect size for cognitive TP and a low-moderate effect size for behavioral TP. Additional
models on outcomes reflecting the greatest beneficial effects of TP yielded significant moderate effect sizes for both types of TP.
Nevertheless, consistent methodological heterogeneity was observed, pointing to cautious interpretation of findings. A subgroup
analysis on visuospatial skill outcomes showed a smaller yet significant effect size of cognitive TP, with low heterogeneity,
providing a more reliable estimation of overall cognitive TP effects. Conclusions. Promising results on remote cognitive and
behavioral TP efficacy emerged both at the review process and at the meta-analytic investigation. Nevertheless, the high
heterogeneity that emerged across studies prevents us from drawing definite conclusions. Further research is needed to identify
whether specific training characteristics and population subgroups are more likely to be associated with greater training efficacy.
1. Introduction
Pediatric acquired brain injuries (ABI) are insults to the
central nervous system that occur after birth. The nature
of this damage can be traumatic or nontraumatic (infection,
stroke, hypoxia, brain tumors, neurosurgery, and other cen-
tral nervous system treatments [1]). Traumatic brain injury
(TBI) is the most frequent cause of ABI in childhood [2],
affecting more than 3 million children worldwide every
year [3] and representing a considerable portion of all neu-
rologic disabilities [4].
Children with ABI are often reported to exhibit deficits
in various cognitive domains, including intellectual func-
tioning, core cognitive abilities, and visual-related processes
[2, 5–7]. Even those children who keep an intellectual quo-
tient within the normal range often experience difficulties
in achieving academic success after the event [8, 9]. Deficits
in neuropsychological abilities affecting social competence
Hindawi
Behavioural Neurology
Volume 2019, Article ID 1346987, 31 pages
https://doi.org/10.1155/2019/1346987
and psychosocial and behavioral concerns have also been
documented [10, 11]. Anomalies in cognitive, behavioral,
and social domains have been reported regardless of injury
severity, thus affecting the majority of children [12]. All
these deficits cause a negative impact on children’s adjust-
ment in daily life [13]. Consequently, rehabilitation treat-
ments to improve cognitive and behavioral functioning
have been considered necessary for sustaining recovery and
adjustment of these patients [12, 14].
In the last two decades, numerous papers on rehabilita-
tion treatments for pediatric ABI or reviews on the topic have
been published [1, 12, 14–20]. However, it has not been yet
clarified which are the most effective interventions. This
could be associated with methodological shortcomings of
the study design, such as lack of control group or small sam-
ple size, or to the heterogeneity of the population selected for
the study (in terms of age at the event, time since the event,
diagnosis, etc.), or even to the variety of instruments used
to assess outcomes [12, 17].
A review of Lindsay and colleagues [16] described
hospital-to-school reintegration interventions for pediatric
ABI, including treatments addressing cognitive or behavioral
impairments, interventions delivered by a clinician in the
clinical setting, home-based or web-based interventions,
family or social support programs, and art-based activities.
The Authors identified some possible components of suc-
cessful interventions, such as one-to-one sessions conducted
by a therapist or educator, the involvement of parents, and
homework activities. However, they also reported that a sig-
nificant improvement could be observed after online home-
based interventions addressing cognitive and behavioral
aspects [21–23]. This pointed to positive gains associated
with computer-based treatments performed out of the clini-
cal setting and with limited participation of a therapist.
Linden and colleagues [14, 15] performed two meta-
analyses on web-based training programs (TP) for pediatric
ABI. The meta-analysis focusing on neuropsychological out-
comes [15] was based on three studies from the same
research team applying web-based interventions for everyday
executive functions and found positive treatment effects on
self- and/or parent-report measures on everyday behavioral
problems associated with executive dysfunction. However,
potential sources of methodological biases were reported.
On the contrary, the meta-analysis focusing on academic
achievement [14] found no training effect. Nevertheless, the
small number of participants in the included studies and the
variety of measures adopted to assess outcomes were indi-
cated as potential factors limiting the validity of conclusions.
A recent review of Resch and colleagues [17] provided an
overview of the studies that described cognitive rehabilitation
interventions for ABI in pediatric age, examining their
specific components and distinguishing them as (1) meta-
cognition and/or strategy use; (2) computerized drill-based
exercises; (3) interventions combining metacognition and/or
strategy use and drill-based exercises; and (4) external
aids. Overall, this work indicated that metacognition and/or
strategy-use interventions may produce benefits for adaptive
behavior but have limited effects for cognitive functions. In
contrast, computerized drill-based exercises seem to generate
only near-transfer gains, namely in those outcomes that are
similar to the training tasks, while far transfer does not
emerge either in the global cognitive domain or in more gen-
eral executive-function behavior or adaptive behavior. The
Authors suggested that such results could be in part attrib-
uted to short training duration and short training time.
The simultaneous adoption of both metacognition/strat-
egy-use and computerized drill-based training was identified
as the most effective way to improve cognitive and psycho-
social impairments. External aids were reported to generate
benefits in everyday cognitive functions, particularly when
they are used in combination with metacognition/strategy
use. Finally, the provision of the interventions in family- or
peer-supported settings was indicated to be a potential factor
leading to better outcomes.
In a similar vein, Wade and colleagues [12] described
technology-assisted interventions for pediatric patients with
ABI, focusing on both treatments delivered at a distance
and treatments included in the traditional rehabilitation set-
ting to promote engagement and improve efficacy. Overall,
the most positive results were reported for those interven-
tions providing family-centered, online problem-solving
aimed at ameliorating behavioral issues. In three subsequent
meta-analytic explorations from the same research group,
these interventions were found to be more effective when
being delivered at longer time since injury and to children
of older age (in front of an age range of 5-18 years), with
lower intellectual quotient and whose parents had lower
education [24–26]. Treatments for attention, working mem-
ory, and executive functioning were also described as prom-
ising, but methodological limitations of studies were
highlighted. Furthermore, commercially available games
were indicated as alternatives to support physical and occu-
pational therapy, while training in the use of social media
and app-based goal setting were described as having the
potential advantage to promote social engagement.
Taken together, the cited reviews indicated the use of
technology as a promising method to implement rehabilita-
tion interventions for children with ABI, even though they
warned about the fact that definite conclusions are hampered
by methodological issues, such as heterogeneity in patients
and outcomes and lack of control groups. These reviews
included a complete and updated overview of the treatments
for ABI but did not distinguish between treatments delivered
in a clinical setting and those delivered remotely. The use of
remote interventions has consistently increased in recent
years [27, 28] with the aim to overcome the limits associated
with traditional interventions, such as high time demand, ele-
vated costs, accessibility issues, and heterogeneity in treat-
ment practices. Remote TP may increase opportunities and
consistency of rehabilitation for patients, limiting time and
economic demands for them and their families, and may
also promote engagement, introducing amusing exercises
by using computer-based platforms [12, 29]. In view of the
peculiar characteristics of remote TP, evaluating the effects
of these interventions, distinguishing them from those deliv-
ered in a traditional clinical setting, should be considered a
matter of interest. For this reason, different from the reviews
described above, the present review focused on the effects of
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TP for pediatric ABI that were delivered in an ecological set-
ting only and that did not require the intervention of a ther-
apist at all or that required it only to a limited extent (at
most, once a week).
Remote TP with either a cognitive or a behavioral
focus were considered for this work. However, due to the
methodological differences between the two types of inter-
ventions, cognitive and behavioral TP were examined sep-
arately. In fact, cognitive TP were composed of drill-based
exercises aimed at stimulating different cognitive domains
and required solely the involvement of patients. In most
studies, the therapist intervention was limited to monitor
training adherence, while in a few studies it was aimed at pro-
viding weekly feedback on patient’s performance and cogni-
tive strategies. In contrast, behavioral TP consisted of self-
guided didactic content on problem-solving abilities and on
exercises to practice these skills and were performed by the
patient together with family or with the remote support of a
peer. Moreover, for most behavioral TP, every one to two
weeks a therapist performed a remote videoconference session
with the patients and families to give a feedback on the imple-
mentation of the problem-solving process in real life. Never-
theless, despite methodological differences associated with
program activities and procedures, both types of treatments
were designed to be completed by the patients at home, with
the aim to limit family burden associated with visiting a clinic
and to ensure easier access to rehabilitation treatments.
In keeping with aforementioned reviews, we included
both randomized and nonrandomized controlled studies:
in fact, previous research found that these two study proce-
dures produce similar effect sizes [30, 31]. The search strategy
we adopted to detect eligible records led us to include studies
that were not considered in any previous reviews, ensuring a
more comprehensive overview of remote interventions for
pediatric ABI. A further innovative characteristic of this work
is that we also performed a meta-analytic exploration on
those studies including a control group, in order to provide
an overall estimation of the mean effect of TP. Such an inves-
tigation allowed us to obtain evidence-based data on treat-
ments for pediatric ABI, which has been reported to be a
need by the Recommendations for Research of the Centers
for Disease Control and Prevention [32].
2. Method
2.1. Study Selection for Review and Meta-Analysis. A litera-
ture search was conducted using scientific online databases
(PubMed and Scopus) to identify pertinent studies, using
the terms: brain injury AND (rehabilitation OR training)
AND (home OR school) and (children OR pediatric OR ado-
lescents). The period of time considered for study inclusion
ranged from January 2000 to December 2018. We excluded
studies published before 2000 to limit the search to more
advanced technology-based programs. Additionally, the
published article databases of Cogmed Working Memory
Training, Lumosity Cognitive Training, and Brain Training
software programs were browsed through their websites.
Reviews on the topic obtained from search process on
PubMed and Scopus were screened to minimize the risk of
overlooking or missing out potentially suitable studies for
inclusion [12, 14–17].
Criteria for inclusion for study selection were the fol-
lowing: (i) children and adolescents (aged < 21 years old)
(US Department of Health and Human Services Food and
Drug Administration Guidance for Industry and FDA Staff:
Pediatric Expertise for Advisory Panels. Rockville, MD: US
Department of Health and Human Services, Food and Drug
Administration, Center for Devices and Radiological Health;
2003.); (ii) diagnosis of ABI (e.g., TBI, brain infection, anoxia,
and cancer-related injury); (iii) usage of remotely delivered
technology-based intervention programs; (iv) limited inter-
vention of clinicians (no more than 1 hour per week); (v)
performance-based cognitive measures or rating-scale
behavioral indexes as primary outcomes for TP addressing
cognitive or behavioral aspects, respectively; and (vi) articles
published in peer-reviewed English-language journals.
Only studies with a group-controlled design and report-
ing immediate post-training outcomes were considered for
inclusion in the meta-analytic exploration (the study by
Treble-Barna and colleagues [33] compared an experimental
group with sex- and age-matched healthy controls perform-
ing the same training. Thus, given the different diagnoses
and the lack of a passive control group or an active control
group performing a low-demanding training, this study was
not included in the meta-analytic examinations). If an article
reported both immediate post-treatment and follow-up mea-
sures, only immediate post-training outcomes were selected.
Congruently, if an article reported follow-up data of a previ-
ous study, only data from the first published study was
extracted. This choice was made as some studies either did
not report any follow-up measures at all or reported follow-
up measures taken at different time points since treatment
completion. This limits heterogeneity, as effects associated
with receiving a treatment may change over time.
We excluded from both the review and the meta-analytic
exploration studies: (i) applying rehabilitation programs with
an exclusive focus on motor skills, (ii) reporting feasibility
and acceptability measures only, (iii) assessing the effects of
interventions tailored to parents, (iv) assessing the effects of
interventions tailored to children and parents, but reporting
outcomes of only parents; (v) clinician-delivered, and (vi)
testing the usage of external aids (reminder messages, diaries,
etc.). On a related note, the study of de Kloet and colleagues
[34] included a subgroup of participants exceeding the age
limit. However, since the majority of patients ranged between
8 and 18 years old, we decided to include the study in this
work. For those studies on behavioral TP reporting outcomes
on both children and parents, we collected only outcomes
related to children.
The extent of support provided by clinicians during the
rehabilitation practice was case-wise evaluated to check study
eligibility. If an intervention implied weekly contact with cli-
nicians to assess adherence and/or resolve any type of prob-
lems that occurred in performing the TP, it was evaluated
as eligible. Otherwise, if a training required the presence
and continuative support of a clinician, it was not considered
for inclusion. Three studies [34–36] indicated clinic as one of
the possible settings where the intervention could be held,
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but they described interventions primarily feasible for eco-
logical settings (i.e., home or school) and were, thus, evalu-
ated eligible for inclusion in this work.
For the meta-analysis on cognitive TP, we considered only
performance-based measures related to cognitive domains,
thus excluding outcomes associated with behavioral, social,
and emotional functioning, quality of life, and everyday cogni-
tive functioning. This is because we were interested in examin-
ing only the efficacy of the programs on cognitive domains as
assessed through performance-based measures, which consti-
tuted the specific targets of the interventions.
The literature search identified a total of 2,718 records on
31 January 2019. 637 records were collected from Scopus and
2,081 from PubMed databases. After the removal of dupli-
cates (n = 344), titles of 2,374 records were screened. Based
on the title, 2,272 records were excluded due to irrelevant
content (e.g., adult populations and no cognitive/behavioral
training) or format (e.g., case reports and narrative reviews).
Of the remaining 102 records, the abstract screening led to 47
records considered to be eligible for full-text screening.
Among the selected 47 records, 24 records were excluded
due to irrelevant content or format, 9 records were reviews,
and the remaining 14 records were studies eligible for this
work. From the review screening, 4 reviews were considered
to be not relevant, as they did not include technology-based
training [19, 20] or were published in 2009-2010 [1, 18].
Thus, most recent reviews were preferred for study search
[12, 14–17], after controlling that they included studies also
reported in less recent reviews. 75 records were identified
from the 5 pertinent reviews, of which 19 were duplicates.
Of the 56 remaining records, 26 were considered to be eligi-
ble for full-text screening. Of these 26 records, 2 were
excluded as the training was not home-based or required
direct tutoring [37, 38] and 4 other records were removed
as they applied the Amsterdam Memory and Attention
Training for Children (AMAT-c [39–42]), which mostly pro-
poses paper and pencil exercises [43]. Therefore, a total num-
ber of 19 records were obtained from the review screening.
However, 6 records identified from review screening were
duplicates of records identified from database searching.
Therefore, after removing duplicates, a final number of 27
eligible studies was obtained from database search and review
screening. Moreover, 4 records from software programs’
website [44–47] were found. One more article meeting the
eligibility criteria was found from expert network [48], lead-
ing to a total of 32 studies considered for this work. Figure 1
depicts the study inclusion procedure.
2.2. Meta-Analytic Exploration: Data Extraction and
Analysis. For studies inserted in the meta-analytic explora-
tion, sample size, mean, and standard deviation (SD) of the
primary outcomes were extracted for both the intervention
and the control group. If only error of the mean (SE)
was provided, SD was calculated by applying the following
formula SD = SE ×√n. For data presented graphically, we
used the free online WebPlotDigitizer software to extract
them from graphs (http://arohatgi.info/WebPlotDigitize).
Moreover, first authors were contacted by e-mail if rele-
vant data were not reported in the article.
Since all the studies delivering either cognitive or behav-
ioral TP provided multiple outcome measures, we chose to
adopt two distinct approaches to compute the observations
to be inserted in the meta-analytic examination (see [49]).
With respect to cognitive TP, outcome measures of
cognitive abilities extracted from the articles were classified
into four main domains: (i) visuo-spatial skills, including
visuo-spatial working memory and visuo-spatial attentional
tasks; (ii) executive functions, including inhibition, planning,
and cognitive flexibility tasks; (iii) math skills, including
arithmetic operations and problems; and (iv) verbal skills,
including verbal working memory, semantic/phonological
processing, and reading tasks. A first meta-analytic model
(model Cognitive A) included, for each study, an aggregated
mean representing the mean value of the various outcomes
related to all cognitive domains (namely, executive function-
ing, visual-spatial working memory, language, and math). In
contrast, a second model (model Cognitive B) included, for
each study, the mean of the outcomes of the cognitive
domain that yielded the highest effect size. Indeed, since the
primary outcome domain of studies was not always clearly
identifiable, this alternative approach seems suitable if we
assume that the outcome domain with the highest effect size
may represent the cognitive function gaining the most bene-
ficial effects from the TP, regardless of the authors’ expecta-
tions (whether stated or not in the articles).
With respect to behavioral TP, a first model (model
Behavioral A) included, for each study, an aggregated mean
representing the mean value of the outcomes of the two
assessed behavioral domains (namely, everyday executive
functions and behavioral, social, and emotional functioning)
combined together or the mean score of the only assessed
behavioral domain. The mean score of the “behavioral, social,
and emotional functioning” domain was calculated as the
mean of the indexes/subscales of Child Behavior Checklist
(CBCL), Home and Community Behavior Scale (HCSBS),
and Behavioral and Emotional Rating Scale 2 (BERS 2). In
case both parent- and child-compiled questionnaires were
reported, we calculated an aggregated mean of the two scores
for each index or subscale. The mean score of the “everyday
executive function” domain was obtained by the score of
the Global Executive Composite (GEC) scale of the Behavior
Rating Inventory of Executive Function (BRIEF) question-
naire, which was the only instrument adopted to evaluate this
area throughout the included studies. In contrast, a second
meta-analytic model (model Behavioral B) included, for each
study, the mean of the behavioral domain that yielded the
highest effect size, which was considered to be the area gain-
ing the most beneficial effects from the TP.
Whenever a study reported results divided per sub-
samples of participants according to different characteris-
tics (e.g., age range and severity of the diagnosis), the
weighted mean [ μ1 ∗ n1 + μ2 ∗ n2+⋯ /k] and pooled SD
[√ SD12 + SD22+⋯+SDn2 /k], where k= total number of
participants per subsample, were calculated for each mea-
sure. Moreover, if a study reported both cognitive and
behavioral measures, the outcome to be inserted in the
model was chosen according to the focus of the intervention
program. Therefore, an aggregate mean of all cognitive
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Records identified through database
searching on 31 January 2019
PubMed: n = 2081
Scopus: n = 637
Total: n = 2718
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(n = 2272)
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articles 
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(n = 9)
Abstract screened
(n = 102)
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(n = 24)
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pertinent reviews, aer 
duplicates removed
(n = 56)
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(i)
(ii)
(iii)
(iv)
(v)
(vi)
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Adult population
Quality outcome
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Outcomes on
parents only
Clinician-delivered
training
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based training
Use of external aids
Other 
Records excluded
(n = 7)
Records eligible for the 
study from pertinent 
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(n = 19)
Records considered 
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screening
(n = 26)
Record from expert 
network 
(n = 1)
Studies eligible for the 
review process
(n = 32: 18 cognitive TP, 
14 behavioral TP)
Records eligible for the 
study from db search
(n = 14)
Pertinent reviews with 
records of interest for 
the study 
(n = 5)
Records considered 
eligible for full-text 
screening
(n = 47)
Records eligible for the 
study
(n = 33)
Records aer duplicates 
removed
(n = 27)
Records excluded
(n = 30)
Records identified from 
soware programs’ 
website search
(n = 4)
Figure 1: Graphical depiction of the study inclusion procedure.
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measures was calculated for studies applying a training with
a focus on cognitive skills [35, 36, 46, 47, 50–52], whereas an
aggregate mean of questionnaires and rating-scale scores
was chosen for studies focusing on behavioral competences
[23, 53–58]. For cognitive TP, performance-based measures
were preferred over self-report scales, since only 4 out of the
7 included studies administered questionnaires. Moreover,
adding questionnaire scores to performance-based measures
would have introduced potential sources of heterogeneity.
In a study on behavioral TP [57], three groups of partici-
pants were compared: a group performing traditional Teen
Online Problem-Solving (TOPS-F), a group performing a
modified version of the TOPS (TOPS-TO), and a control
group assigned to Internet Resource Comparison (IRC).
As the Authors reported that study participants were
recruited as part of a randomized clinical trial between
March 25, 2010, and August 6, 2014, and data on TOPS-F
were reported in some previous studies [22, 23, 58], we
decided to consider for the meta-analytic investigation only
the comparison between TOPS-TO and IRC. Hedges’s g
was calculated for each study using the following formula:
g = M1 −M2SD ∗ pooled 1
Hedges’s g is often referred to as a corrected effect size
as compared to Cohen’s d, as it corrects for a bias in the
effect size due to the inclusion of studies with small samples
[59]. The obtained effect sizes were then tested in random
effects models. These models were preferred over a fixed-
effect model due to the heterogeneous methodology applied
across studies. Assessment of heterogeneity of the effect
sizes was evaluated by calculating Q statistic, which indi-
cates if the variance of the estimate effect sizes is greater
than to be expected from sampling error, suggesting that
the observed variance may be explained by other factors
beside the intervention. Additionally, I2 ratio, describing
the percentage of variation across studies that is due to true
heterogeneity rather than chance, was calculated to quantify
and evaluate the consistency of the findings [60].
Finally, a nonparametric rank-order correlation between
estimate effect sizes and sample sizes of the studies was calcu-
lated for the models Cognitive A and Behavioral A examining
aggregate means of all outcome domains [61]. Indeed, a neg-
ative correlation between the two measures can be inter-
preted as a proxy for the presence of publication bias (for
details see [62]).
A significance level of p < 05 was used for all analyses.
Analyses were performed with Meta and Metafor software
packages [63].
3. Results
3.1. Results from the Review Process
3.1.1. Cognitive Training Programs. 18 studies (see Table 1)
investigated 7 different remote cognitive TP consisting of
drill-based exercises aimed at stimulating different cognitive
functions: TherapWii Protocol [34], Cogmed Working
Memory Training [44–47, 50, 64], Lumosity Cognitive
Training [21, 29], Captain’s Log [35, 36, 65], Attention
Improvement and Management (AIM) Program ([33, 66]),
Brain Games Program [67, 68], and “Move it to improve it”
(MitiiTM) Protocol [51, 52]. Alongside exercises targeting
cognitive functions, the AIM Program additionally pro-
posed metacognitive strategy use, while the Mitii Protocol
proposed web-based multimodal exercises, based on percep-
tual and motor abilities. The cognitive domains trained by
the different programs were: attention, working memory,
short- or long-term memory, language comprehension,
executive functioning, processing speed, and math. All pro-
grams addressed specific cognitive functions, except the
TherapWii Protocol, which was aimed at ameliorating the
global physical, mental, and social functioning of the chil-
dren and for which the intervention objectives in the vari-
ous life domains were set on the basis of the areas in
which the children exhibited an impairment. However, the
majority of patients (47/50) recruited for receiving Therap-
Wii Protocol [34] presented with problems on information
processing and all of them received cognitive exercises.
Moreover, in 3 studies [34–36], the TP could be performed
not only in the ecological setting (home or school) but also
in an individual rehabilitation setting with a therapist [34]
or in a clinic without the presence of a therapist [35, 36].
The other programs were solely home-based.
Before training onset, patients usually received detailed
instructions on how to perform exercises by a clinical
researcher, usually in the hospital setting. In 2 studies [33,
66], the training protocol required patients to reach the clin-
ical center to meet the therapist once a week to monitor per-
formance and progress and to discuss the cognitive strategies
to adopt in the tasks administered the following week. In 2
studies [35, 36], no therapist monitoring was provided, while
in 2 studies [67, 68] participants received a calendar and a
training schedule to self-monitor their own adherence and
performance. In the remaining 12 studies, remote weekly
contact (by phone or email) was provided by a therapist to
monitor adherence and resolve possible problems encoun-
tered by participants.
The TP had a variable duration of 5-20 weeks, with a
commitment varying from 2 to 6 days per week. In 2 studies
[34, 65], the specific number of sessions per week was not
defined, but a minimum weekly time engagement was
required, which ranged from 50 minutes to 2 hours per week.
All TP required only the use of a computer with Internet
access, except the TherapWii Protocol, which required also
the use of a Nintendo Wii, the Mitii Protocol, which required
also the use of a Kinect to track gross motor or upper limb
movements, and a version of Brain Games platform which
was delivered through iPad. The difficulty of the tasks pro-
vided in the interventions was calibrated on patients’ abilities
in 13 out of 18 studies. Specifically, Brain Games, Cogmed
Working Memory Training, Lumosity Cognitive Training,
and Captain’s Log were adaptive programs, automatically
modifying the difficulty of the exercises based on the individ-
ual performance. Similarly, most cognitive exercises of the
TherapWii Protocol [34] were adaptive. In contrast, the
menu of drills and strategies of the AIM Program was
6 Behavioural Neurology
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initially defined by a clinician on the basis of neuropsycho-
logical testing, parent and child reports, and progressively
updated by a therapist during training in accordance with
changes in performance [33, 66]. With respect to the Mitii
Protocol, the complexity of exercises was adjusted weekly
by a trainer based on performance and comments provided
by the child and family [51, 52].
With respect to study methodology, the sample size of
studies varied between n = 5 and n = 68, with 5 studies
including < 20 total participants [33, 64–66, 68]. Nine studies
[29, 35, 36, 45–47, 50–52] had an active or a passive control
group of children with ABI performing low-demanding
TP or no training, respectively. In contrast, a study [33]
had a control group of healthy children performing the
same experimental training. Participants had ABI of both
traumatic (TBI) and nontraumatic nature (e.g., stroke,
brain tumor, and cancer-related treatments). One study
[29] included also patients with congenital brain damage
(n = 4).
Regarding inclusion criteria, studies were generally con-
ducted on patients without sensory or motor deficits that
could interfere with participation in the TP. Moreover, some
studies [44–47, 50, 64] established a criterion based on IQ,
excluding patients with clinically impaired or borderline
intellectual functioning. Some other studies [34, 51, 52]
excluded individuals with severe cognitive impairment, but
without declaring a specific IQ threshold. In contrast,
another study [29] included patients with very low IQ to test
the feasibility of the selected TP among the general popula-
tion of children with brain damage, who displays heteroge-
neous cognitive functioning. Moreover, 5 studies [21, 33,
44, 47, 65, 66] reported as inclusion criterion the presence
of specific cognitive deficits in attention and/or memory abil-
ities or executive functions, as measured through neuropsy-
chological tests and/or parents’ reports.
The measures used to test cognitive outcomes were all
standardized in 16 out 18 studies. In contrast, in the study
of Corti et al. [29], which was aimed at assessing feasibility
as primary objective, only preliminary results on training
effectiveness were indicated. These results were based on a
nonstandardized index directly supplied by the cognitive
TP and indicating the average change in performance
between the first and the last training day, which could be
considered as a near-transfer measure. Linden and colleagues
[67] used both standardized tests and nonstandardized com-
puterized tasks. Two studies out of 18 [51, 52] reported no
improvement. In the other 16 studies, improvements after
training were found both in near-transfer and/or far-transfer
measures (e.g., academic achievement and everyday func-
tioning), at least at post-training assessment.
3.1.2. Behavioral Training Programs. With respect to
technology-based TP aimed at improving behavioral issues,
a series of 14 studies conducted between 2005 and 2018 by
the same research group in the USA were included in this
work (see Table 2). 12 studies investigated the efficacy of fam-
ily web-based interventions aimed at improving executive,
behavioral, and social functioning of children with TBI. In
particular, 6 studies focused on the Counselor-Assisted Prob-
lem Solving (CAPS) intervention [53, 54, 56, 69–71], 2
studies on the Online Family Problem-Solving (OFPS)
program [55, 72], and 4 studies on the Teen Online
Problem-Solving (TOPS) intervention [22, 23, 57, 58].
The remaining 2 studies focused on the Social Participation
and Navigation (SPAN) intervention [48, 73], a training
aimed at improving social abilities in children with TBI or
brain tumor.
The CAPS, OFS, and TOPS programs consisted of self-
guided, online sessions performed by the child and his/her
family at home and of Skype videoconferences with a
coach with expertise in cognitive-behavioral therapy. Such
videoconferences were included with the purpose of
reviewing the exercises completed by participants and
providing feedback on the implementation of the
problem-solving process in real life. Specifically, the train-
ing was composed of 8-10 core sessions focusing on exec-
utive functions, social skills, injury-related issues, and
other eventual supplemental sessions. Participants were
advised to perform supplemental sessions only if their spe-
cific content was evaluated potentially beneficial for the
ongoing problems of the child and/or the family at the
baseline assessment.
The SPAN program, together with online didactic
sessions, included a dedicated iPhone application to set chil-
dren social goals and weekly videoconferencing sessions
(via Skype) with a trained college-student coach. The intro-
duction of a peer as a coach instead of the therapist was moti-
vated by the fact that the impact of peers becomes
increasingly relevant through adolescence [48, 73].
In some studies [22, 23, 55, 58, 72], meetings with the
coach [48, 73] were scheduled every 1-2 weeks, whereas in
other studies [53, 54, 56, 57, 69–71] they were scheduled
every 2-4 weeks. The CAPS, OFS, and TOPS program dura-
tion could approximatively range from 6 months to 8
months, based on the total number of sessions assigned to
participants. The SPAN program duration ranged from 4
weeks [73] to 10 weeks [48].
With respect to study methodology, the sample size of
studies varied between n = 4 and n = 132, with 4 studies
including < 20 families [22, 48, 72, 73]. In the early studies,
participants were aged between 5 and 16 years [55, 72], while
in the subsequent studies they were only adolescents [22, 23,
48, 53, 54, 56–58, 69–71, 73]. Only one study extended to 22
years the age range of participants [48]. In all studies, chil-
dren were included if they sustained a moderate-to-severe
TBI about 1-24 months before the intervention. Only a study
[48] included also participants with a diagnosis of brain
tumor.
In the majority of the studies, children who experienced
blunt trauma or history of abuse and had familiarity for psy-
chiatric hospitalization were excluded. In those studies that
were conducted between 2013 and 2016 [53, 54, 56, 69, 71],
the presence of intellectual disability before the injury was
set as a further exclusion criterion.
Eleven out of the 14 studies included in this work were
randomized controlled trials. In 10 studies [23, 25, 53–56,
58, 69–71], the children and their families could be randomly
assigned to one of the TP described above (CAPS, OFPS, or
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TOPS) or to an Internet Resource Comparison (IRC), used as
a control condition activity. In one study [22], the control
group received the TOPS intervention void of audio content.
The efficacy of the interventions was assessed through
parent-report or self-report questionnaires evaluating every-
day executive functions and behavioral, social, and emotional
functioning. With respect to outcomes on children, all stud-
ies reported positive gains from the interventions in the var-
ious domains assessed. Results also revealed that these
treatments reduced parent-teen conflicts.
3.2. Results from the Meta-Analytic Exploration. The first
random effects model on cognitive TP (Cognitive A), includ-
ing the aggregate means of all reported outcomes of the 7 eli-
gible studies, yielded a nonsignificant estimated effect size of
-.02, 95%CI = −0 45; 0.42, Z = −0 08, p = 94 (Figure 2). Total
heterogeneity of the effect sizes was significant as indicated
byQ = 23 32, p < 001, and I2 = 74 3% (45.1%-87.9%), reveal-
ing the presence of high methodological and/or statistical
heterogeneity between studies.
The model Cognitive B, including the measures return-
ing the highest effect sizes in cognitive training studies,
yielded a significant estimated effect size of .61, 95%CI =
0 07; 1.16, Z = 2 19, p = 03 (Figure 2). Total heterogeneity
of the effect sizes was significant, as indicated by Q = 34 7,
p < 0001, and I2 = 82 7% (65.7%-91.3%), confirming the
presence of high methodological and/or statistical heteroge-
neity between studies.
Regarding the behavioral TP, model Behavioral A,
including the aggregate means of all reported outcomes,
yielded a significant effect size of .38, 95%CI = 0 03‐0 72,
Z = 2 15, p = 03 (Figure 3). High heterogeneity was detected
by Q = 20 95, p < 002, and I2 = 71 4% (37.8%-86.8%).
The last model, Behavioral B (Figure 3), including the
highest outcome of each of the 7 behavioral training studies,
yielded a significant effect size of .39, 95%CI = 0 07‐0 73,
Z = 2 35, p = 02. High heterogeneity was detected by Q =
19 87, p < 003, and I2 = 69 8% (33.7%-86.2%).
The subgroup analysis conducted on the model Cognitive
B on the outcomes associated with the greatest improvement
showed a significant effect size of .37, 95%CI = 0 06‐0 69,
Z = 2 34, p = 02, for the subgroup of measures assessing
visuo-spatial skills (k = 4) (the remaining three outcomes
referred each one to a different cognitive function—i.e., exec-
utive function, math, and verbal skills), accompanied by a
sensible reduction in total heterogeneity as detected by both
Q = 1 19, p = 76, and I2 = 0 0% (0.0%; 61.5%).
Lastly, the nonparametric rank-order correlation between
the effect size estimates and sample size across studies was
nonsignificant for both model Cognitive A (r = − 09, p = 84)
and model Behavioral A (r = − 39, p = 39), showing no clear
evidence for publication bias.
3.3. Risk of Bias. In order to assess the validity and evaluate
potential methodological problems of the included studies,
two researchers (VO and EF) screened the articles on cogni-
tive TP and two researchers (CC and CO) screened the arti-
cles on behavioral TP. The evaluation of risk of bias in this
work was applied to all included studies, not only to clinical
trials, in order to provide a detailed overview of methodolog-
ical study characteristics. For this purpose, the researchers
considered the domains included in Risk of Bias Tool of
The Cochrane Collaboration [60]. This tool provides a guide
to assess methodological quality of clinical and research trials
according to the following five domains: (i) selection bias,
which refers to the method of allocation to treatment condi-
tion, considering both sequence of randomization (unpre-
dictable or not) and adequate concealment of the allocation
sequence from those involved in the enrollment and assign-
ment of participants; (ii) performance bias (potential cause
of expectation and placebo-induced effects), deriving from
unsuccessful blinding of participants and personnel to treat-
ment allocation; (iii) detection bias, deriving from unsuccess-
ful blinding of outcome assessors to participants’ treatment
allocation that may influence data collection and analysis;
(iv) attrition bias, usually detected in the presence of a not
justified high proportion of missing outcomes due to partic-
ipant drop-out (attrition) during the study or exclusions
from the analysis, causing a possible observed biased effect
estimate. Attrition could be due to participants’ withdrawal,
missing of a scheduled appointment at which outcomes
should have been measured, unsuccessful data collection
Authors and year 
Exp
N N
Control
Hedges’g Hedges’g
Highest
outcome95% CI 95% CI
Cognitive training programs (Cognitive_A) (Cognitive_B)
Bangirana et al., 2009
Bangirana et al., 2011
Conklin et al., 2015
Hardy et al., 2013
Phillips et al., 2016
Piovesana et al., 2017
Sakzewski et al., 2016
29
28
30 32
32
33
11
13 14
6
29
29
–3 –2 –1 0 1 2 3 –3 –2 –1 0 1 2 3
29
29
0.51 0.51 [0.00; 1.02]
[1.67; 3.00]2.33
0.34
0.57
0.45
0.05
0.15
[0.00; 1.02] VSP
MTH
VRB
VSP
VSP
VSP
EF
[−1.72; −0.62]
[−0.26; 0.75] [−0.16; 0.84]
[−0.45; 1.59]
[−0.31; 1.22]
[−0.47; 0.56]
[−0.37; 0.66]
[−0.62; 1.39]
[−0.95; 0.57]
[−0.48; 0.55]
[−0.37; 0.66]
0.24
0.39
0.04
0.15
−1.17
−0.19
Figure 2: Forest plots showing the number of participants per group, effect size estimates (Hedges’s g), and 95% confidence interval of each
study, comparing cognitive training outcomes with control condition’s outcomes. Model Cognitive A depicts the meta-analytic model that
considers, for each study, a combined mean value representing the mean value of multiple outcomes relative to all cognitive domains.
Model Cognitive B depicts the meta-analytic model that considers, for each study, the highest outcome domain. Note: VSP = visuo-spatial
skills; MTH=math; VRB= verbal; EF = executive functioning.
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during an appointment, failing to complete questionnaires,
loss to follow-up associated with the fact that participants
cannot be located, follow-up ceasing by researchers, and loss
of data and records; and (v) reporting bias, indicating the risk
that non-significant results may be withheld from publica-
tion due to selective omission of outcomes from reports,
selective choice of data for an outcome, selective reporting
of analyses using the same data, selective reporting of sub-
sets of the data, and selective underreporting of data. The
absence of a registered protocol or the presence of a regis-
tered protocol without an exact description of instruments
used to assess outcomes could represent a potential risk of
reporting bias. The risk associated with each assessed domain
was judged as low, high, or unclear. In case that such an eval-
uation was not applicable, this was indicated. The researchers
provided judgements on risks of bias for all studies indepen-
dently and then reached a final agreement in case of discrep-
ancies. Results are summarized in Table 3.
With respect to cognitive TP, selection bias associated
with random sequence was judged low for 52.9% of studies,
while the other half had an experimental design that could
not allow the assessment of sampling method. Selection bias
associated with allocation to treatment methods was judged
low for 16.6% of the studies, high for 11.1%, and unclear
for 22.2%. For the remaining studies (50.1%), this criterion
was not assessable. Performance bias associated with blind-
ing of participants and personnel procedure was associated
with low risk of bias for 22.2% of the included records,
whereas 16.6% was judged at high risk of bias and 11.1%
was defined as at unclear risk of bias. For the remaining
50.1% of studies, this criterion was not assessable. Detection
bias associated with blinding of assessor procedure was asso-
ciated with low risk of bias in 44.6% of the studies, high risk
of bias in 27.7%, and unclear risk of bias in 27.7%. Attrition
bias associated with incomplete outcome data was associated
with low risk of bias in 66.7% of the studies, with the remain-
ing 33.3% being associated with high risk. Reporting bias
associated with selective reporting was associated with
unclear risk of bias in 100.0% of the studies.
Considering behavioral TP, selection bias associated with
random sequence was judged low for 71.4% and unclear for
7.1% of the studies, while for the remaining 21.4% it was
not assessable. Selection bias associated with allocation to
treatment methods was judged low for 35.7% of the studies,
high for 23.5%, and unclear for 14.3%. For the remaining
21.4%, this criterion was not applicable. Performance bias
associated with blinding of participants and personnel pro-
cedure was associated with high risk of bias for 78.6% of
the included records, whereas for the remaining 21.4% this
criterion was not applicable. Detection bias associated with
blinding of assessor procedure was associated with low risk
of bias in 42.9% of the studies, high in 28.6%, and unclear
in 28.6%. Attrition bias associated with incomplete outcome
data was associated with low risk of bias for 21.4% of the
studies, high risk for 21.4%, and unclear for 57.2%. Report-
ing bias associated with selective reporting was associated
with high risk of bias for 14.3% of the studies and unclear
for the remaining 85.7%.
4. Discussion
This review described 32 technology-based TP (training pro-
grams) for pediatric patients with different types of ABI
delivered in the ecological setting, of which 18 were cognitive
TP and 14 behavioral TP. A meta-analytic exploration was
also conducted on a subsample of 14 studies applying a
control-group design (7 cognitive TP and 7 behavioral TP),
in order to provide an estimation of the overall mean effect
of the eligible studies. The presence of a control group of par-
ticipants should be considered as an essential methodological
element in studies investigating treatment efficacy [32], as it
allows controlling for the effects of spontaneous development
in pediatric age and possible expectation bias. The picture
offered by this review indicates that, nowadays, about half
of the studies on remote TP addressing cognitive functions
for pediatric ABI lacks a control on these aspects. With
respect to behavioral TP, most of the studies included a con-
trol group, thus being in line with the methodological recom-
mendations of evidence-based research.
Based on the review process, 16 out of the 18 studies
on cognitive TP were found to be effective in improving cog-
nitive outcomes immediately after training, on both near-
Behavioral training programs (Behavioral_A)
Authors and year
Kurowski et al., 2013 57 63 0.26
0.12
0.64
2.01
0.27
0.03
[−0.10; 0.62] [−0.10; 0.62]
[−0.15; 0.54]
[−0.03; 1.32]
[−0.96; 0.68]
[−0.09; 0.64]
[−0.35; 0.53]
[1.18; 2.84]
BSEF 0.26
0.20
0.67
2.01
0.27
0.09
BSEF
BSEF
BSEF
BSEF
BSEF
EEF
[−0.22; 0.46]
[0.00; 1.29]
[−0.96; 0.68] −0.14
[1.18; 2.84]
[−0.09; 0.64]
[−0.42; 0.47]
−0.14
67
19
12
19
61
40
65
20
11
16
57
38
Tlustos et al., 2016
Wade et al., 2006
Wade et al., 2010
Wade et al., 2011
Wade et al., 2014
Wade et al., 2018(d)
N N
Exp Control
Hedges’g 95% CI
Highest
outcome Hedges’g 95% CI
(Behavioral_B)
–3 –2 –1 0 1 2 3–3 –2 –1 0 1 2 3
Figure 3: Forest plots showing the number of participants per group, effect size estimates (Hedges’s g), and 95% confidence interval of each
study, comparing behavioral training outcomes with control condition’s outcomes. Model Behavioral A depicts the meta-analytic model that
considers, for each study, an aggregated mean representing the mean value of the various outcomes relative to all behavioral domains. Model
Behavioral B depicts the meta-analytic model that considers, for each study, the highest outcome domain. Note: BSEF = behavioral, social, and
emotional functioning; EEF = everyday executive functioning.
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and far-transfer measures. Moreover, 8 out of the 12 studies
on cognitive TP that considered also outcomes on function-
ing in daily life found positive gains. This would suggest that
computer-based interventions offering drill-based exercises
delivered in an ecological setting are effective at improving
cognitive abilities and adjustment in children with ABI. Nev-
ertheless, data of our meta-analytic exploration seem to sug-
gest that cognitive TP are unlikely to have a positive impact
on different cognitive domains, suggesting limited general-
ized effects. Indeed, the meta-analysis conducted on the com-
bined mean of all cognitive outcomes of studies showed no
effect (model Cognitive 1). In contrast, the meta-analytic
model on the cognitive domain associated with the highest
improvement for each study (model Cognitive 2) yielded an
effect of moderate level (g = 0 61), according to criteria taken
from previous literature [74]. This points to the efficacy of
cognitive TP in producing benefits limited to specific cogni-
tive domains, probably those that are mostly stimulated by
training tasks. Nevertheless, a high level of heterogeneity
(I2 = 83 2%) was detected. Such a high heterogeneity could
be related to various factors associated with characteristics
of the samples (e.g., age range, diagnosis subcategory, and
Table 3: Risk of bias summary.
Study
Selection bias Performance bias Detection bias Attrition bias Reporting bias
Random
sequence
Allocation
Blinding of participants
and personnel
Blinding of
assessors
Incomplete
outcome data
Selective
reporting
Cognitive Training Programs
Bangirana et al., [36]∗∗ + — — — + ?
Bangirana et al., [35]∗∗ + ? — — + ?
Carlson-Green et al., [44] / / / — + ?
Conklin et al., [46]∗∗ + ? ? + — ?
Conklin et al., [45] + ? ? + + ?
Corti et al., [29] + — + + + ?
de Kloet, et al., [34] / / / ? + ?
Eve, et al., [64] / / / ? — ?
Hardy et al., [65] / / / ? — ?
Hardy et al., [47]∗∗ + ? + + — ?
Kesler et al., [21] / / / + + ?
Phillips et al., [50]∗∗ + + + + + ?
Piovesana et al., [51]∗∗ + + + ? — ?
Sakzewski et al., [52]∗∗ + + — + + ?
Sohlberg et al., [66] / / / — — ?
Treble-Barna et al., [33] / / / — + ?
Vander Linden et al., [14] / / ? + + ?
Verhelst et al., [68] / / / ? + ?
Behavioral Training Programs
Kurowski et al., [53]∗∗ + + — + ? ?
Kurowski et al., [69] + + — + ? ?
Narad et al., [73] / / / ? + ?
Tlustos et al., [54]∗∗ ? ? — + ? ?
Wade et al., [72] / / / ? + ?
Wade et al., [55]∗∗ + — — — — ?
Wade et al., [22] + — — — + —
Wade et al., [23]∗∗ + — — — — ?
Wade et al., [58]∗∗ + — — — — —
Wade et al., [56]∗∗ + + — + ? ?
Wade et al., [70] + + — + ? ?
Wade et al., [71] + + — + ? ?
Wade et al., [48] / / / ? ? ?
Wade et al., [57] ∗∗ + ? — ? ? ?
Symbol legend: +: low risk of bias; -: high risk of bias; /: not applicable (e.g., allocation to treatments in a study with no control group); ?: unclear risk of bias.
Asterisks ∗∗ mark studies included in the meta-analytic exploration.
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time from injury) or of the TP (e.g., focus, duration, adapta-
tion of exercise difficulty, and trained cognitive domains).
An additional explorative analysis, performed to evaluate
potential differences in TP effects across cognitive domains,
highlighted that measures assessing visuo-spatial skills,
which represented the highest outcome domain in 4 out of
7 studies, yielded a small, yet significant estimate effect size.
This result was accompanied by a low level of heterogeneity,
thus indicating that it could constitute a more precise esti-
mation of cognitive TP effects. The improvement in visuo-
spatial skills may be due to an intensive stimulation of
visuo-spatial processes throughout all TP tasks, which is in
accordance with data from previous research indicating that
video- and computer-game playing stimulate visuo-spatial
abilities, even after a limited training duration [75–77]. For
outcomes related to executive functions, verbal and math
skills, we could not evaluate the overall training effects, as
only one study per domain was available.
On a related note, it is important to stress that the limited
amount of studies on cognitive TP eligible for inclusion in the
meta-analysis did not allow us to examine in more details the
impact of factors that may explain the variability emerged
across studies (e.g., training adaptation, duration, match
between training focus and primary study outcome). Future
research should explore these aspects to identify and weigh
their contribution to the success of interventions.
With respect to behavioral interventions, 14 studies from
the same team of researchers in the USA were included in
this work. Based on the review process, results on these pro-
grams are encouraging, as all studies found improvements in
everyday executive functioning and/or externalizing behav-
iors. In some studies, gains related to internalizing symptoms
were found too. The meta-analytic model conducted on the
combined mean of all behavioral outcomes of studies (model
Behavioral A) yielded an estimate effect of small-to-moderate
level (g = 0 37), which points to positive effects of behavioral
TP. This effect was confirmed also by the meta-analytic
model considering the outcome associated with the highest
improvement (g = 0 40; model Behavioral B). A possible
explanation for this finding is that the different question-
naires assessing behavioral competences comprised some
items evaluating similar behaviors, irrespective of the fact
that they were aimed at assessing everyday cognitive func-
tioning, psychological adjustment, or social behaviors. Thus,
the selection of the behavioral domain generating the highest
effect did not have an impact on results, in contrast to what
was observed for cognitive TP.
As aggressive behavior, mood lability, and social isola-
tion have been frequently reported for patients with ABI
and appear to increase with age [11, 78], the remote behav-
ioral TP reviewed in the present work may constitute valid
alternatives to rehabilitation treatments on these aspects.
The success of behavioral TP could be in part attributed to
the direct and strong involvement of family members, which
recurred in 6 out of the 7 studies included in the meta-
analytic exploration. Indeed, family involvement seems to
promote generalization of the effects of rehabilitation inter-
ventions on children [55, 79, 80]. Nevertheless, one study
focused on a behavioral training providing support of peers
instead of involvement of family members [57]. Thus, a con-
tinuative and structured involvement of other agents, not
specifically confined to relatives, may be associated with suc-
cessful effects of behavioral telerehabilitation.
Nevertheless, also for behavioral studies, a high level of
methodological heterogeneity emerged from statistical analy-
ses, despite TP methodology and sample diagnosis were sim-
ilar across the various studies. Thus, total heterogeneity could
likely be due to differences in specific demographic or clinical
characteristics of enrolled children or families. This expla-
nation seems to be in line with indications provided by the
members of the research team studying behavioral TP
[24–26], suggesting that it could be worth for future
research to weigh the impact of those specific variables
related to the children or the families that may moderate
training efficacy. Such an investigation could allow identi-
fying the specific characteristics of individuals that are
more likely to benefit from behavioral TP.
It is worth noting that the efficacy of behavioral TP was
assessed through questionnaires, which may be affected by
expectation bias associated with the fact that patients/par-
ents know they/their children are receiving a treatment
and thus may overestimate changes after the intervention
(e.g., [81, 82]). This expectation bias can be controlled with
a successful blinding. However, given the nature of the
included studies on behavioral TP, participants could not
be blinded from group assignment (see [15]). In this regard,
the introduction of performance-based measures may repre-
sent a suitable option to consider for future research with the
aim to assess the behavioral effects of these TP and, at the
same time, to ensure better methodological procedures and
enhance validity. Nowadays, performance-based assessment
to investigate everyday executive function behaviors [83, 84]
or sociocognitive functioning through virtual reality tools
[85, 86] has been described in the relevant literature, thus
representing a feasible method to adopt.
4.1. Limitations of This Review. In this work, we included
research on TP only published in English, which could have
led to the omission of relevant research on this issue. More-
over, even though our search strategy was thought to mini-
mize the risk to omit relevant research, as it was based on
(i) adoption of two widely used comprehensive databases,
namely PubMed and Scopus, (ii) identification of studies
reported in recently published meta-analyses and reviews
on the topic, and lastly, (iii) search of relevant research on
the websites of the main TP, it is still possible that some per-
tinent records may have been missed out. Second, study het-
erogeneity was high for both cognitive and behavioral TP,
which could have affected results and limited the generaliz-
ability of conclusions. The relatively small number of studies
inserted in the meta-analytic examinations prevented the
possibility to conduct more detailed subgroup analyses
aimed at exploring the contribution of specific variables on
outcomes, leaving to future research the interesting task of
clarifying which components of remote TP lead to the best
effects. On a related note, data of this meta-analysis are lim-
ited to those studies having a control group, thus represent-
ing only a half of the studies on TP addressing cognitive
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functions. Finally, the evaluation of training efficacy in this
work was confined to post-training outcomes, thus prevent-
ing any conclusions on long-term effects.
5. Conclusions
In summary, results of the present work suggest that remote
computer-based TP with a cognitive or a behavioral focus for
pediatric ABI may be effective in improving children’s func-
tioning. This was confirmed both by the review process and
by the meta-analytic investigation. The possibility to address
cognitive and behavioral impairments by delivering home-
based treatments should be considered as a relevant opportu-
nity for the rehabilitation course of these children. Indeed,
TP delivered in ecological settings may help overcome the
limited availability of services outside the clinical centers or
the urban areas and limit the time and economic demands
to families associated with reaching the hospitals [12, 29].
Nevertheless, the high methodological heterogeneity of stud-
ies prevents us from drawing definite conclusions. Future
research is required to verify the effects of remote TP address-
ing cognitive and behavioral functions in specific populations
of children with ABI based on precise etiology, age range,
intellectual competence, and family socioeconomic status.
However, despite methodological limitations, a consistent
finding of this study is the improvement of visuo-spatial abil-
ities after a computerized intervention addressing cognitive
functions. This result is in accordance with data reported in
the literature on healthy individuals [75–77] and suggests that
the usefulness of drill-based computerized cognitive interven-
tions to enhance visuo-spatial abilities also occurs in case of
damage to a developing central nervous system.
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